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Abstract. Physiographic regions are natural landforms valuable for research and management landscape stratification. Accurate regional delineations may increase research sampling and management effectiveness.
Soils data in the us. Department ofAgriculture Natural Resource Conservation Service (USDA-NRCS) State Soil Geographic Data Base (STATSGO)
were used in a Geographic Information System to delineate 13 South Dakota
physiographic regions. Soil mapping units were selected within physiographic
regions in the STATSGO coverage in ARC/INFO to delineate geographic
features. Several modifications to prior South Dakota physiographic region
delineations are proposed. Soils data may be used to provide detailed and
objective delineations of natural landforms. A map and briefdescription of
South Dakota physiographic regions are presented.
Physiographic regions consist of recurring landform patterns that reflect regional geology and weathering forces of past and present climates.
The present interest in biodiversity and natural resource inventory with Gap
Analysis (integrating natural resource distributions to identify critical, unprotected areas) has increased interest in physiographic regions. Scott et al.
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(1993) commented that identifying biodiversity management areas requires
an analysis of the distribution of biodiversity within natural geographic
boundaries rather than political units. Landscapes within physiographic
regions may have topography, land use, and wildlife habitat unlike adjacent
regions. Physiographic regions are useful research and management strata,
which increase homogeneity of resources, and may improve the precision of
research results and the effectiveness of management.
In South Dakota, physiographic regions have been used to stratify
samples ofwetlands (Ruwaldt et al. 1979; McPhillips et al. 1983; Smith et al.
1989), wetland and grassland birds (Weber et al. 1982; Johnson and Schwartz
1993), and waterfowl (Brewster et al. 1976). Furthermore, distributions of
natural vegetation communities which influence livestock stocking rates
(Baumberger 1977), crop adaptation areas (Malo et al. 1994), and average
crop yield predictions (RickerlI995) generally follow physiographic region
boundaries.
Physiographic region boundaries have traditionally been drawn as
coarse approximations. Each revision of regional delineations has been
more accurate than previous delineations. Nicollet's 1845 map was the first
published account of South Dakota's major topographic regions (Bray and
Bray 1976). His map shows physiographic regions, but contains inaccuracies typical of maps drawn by explorers traveling through limited areas of
the landscape. Fenneman (1938) and Rothrock (1943) produced early maps
of South Dakota geomorphometry. Flint (1955) modified these delineations
and created a generalized map of 12 major physiographic regions of South
Dakota that is still widely used. Westin et al. (1967) included the Flint (1955)
physiographic regions map, and a map with similar landforms showing soil
parent materials with similar landforms in a description of South Dakota
soils. Brewster et al. (1976) adopted the Westin et al. (1967) map of soil
parent materials as a map of eight major South Dakota physiographic regions.
Statistical samples stratified with physiographic regions typically
sample a small percentage of the landscape. Misallocation of samples to
strata using generalized regional delineations may result in inflated sample
variability or spurious results. While approximate physiographic region
delineations may have been necessary in previous maps of geographic features, the automated data handling capability of computers warrants development of more definitive maps. The development of computerized Geographic Information Systems (GIS) makes integrating diverse, detailed maps
and data bases practical.
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Soils data in a GIS were used in this study to develop a refined map of
South Dakota physiographic regions. Soils reflect geologic history, soil
parent material, duration of soil formation, topography, and long-term averages of vegetation and climate. Soil mapping units, features drawn on soil
maps based on dominant soil types, are natural landscape features that differ
among physiographic regions because of these factors. Soil series, a group
of soils with similar horizons and properties, are assigned to soil mapping
units by location and topography (Malo et al. 1994). The U.S. Department of
Agriculture Natural Resource Conservation Service (USDA-NRCS, formerly the Soil Conservation Service [SCS]) State Soil Geographic Data
Base (STATSGO) is a GIS map layer of soil distributions (Fig. 1). The
STATSGO data base contains physical and chemical properties for about
18,000 soil series recognized in the United States. Each mapping unit in
STATSGO lists a soil association of the most abundant 2-3 soil series. The
STATSGO map coverage is similar in detail to general soil maps included in
county soil surveys published by the NRCS, but is distributed by the NRCS
at the state scale. STATSGO was designed to be used in state and regional
resource planning, management, and monitoring (USDA-SCS 1993).

Methods
STATSGO soil maps were compiled by NRCS by generalizing more
detailed soil maps (USDA-SCS 1993). Minimum mapping unit area was
approximately 1,500 ha (USDA-SCS 1993). NRCS used U.S. Geological
Survey 1:250,000 scale 1- by 2-degree quadrangle topographic base maps to
digitize soil mapping units. NRCS performed edge-matching (i.e., aligning
vectors or arcs for adjacent maps) across map sheet and state boundaries
(USDA-SCS 1993).
The digital STATSGO soils map for South Dakota was imported as a
polygon (soil mapping unit in this study) GIS map layer using ARC/INFO
version 6.1.1 software (Environmental Systems Research Institute, Inc., 380
New York St., Redlands, CA 92373-8100) (Fig. 1). A data base (polygon
attribute table) was constructed containing the soil association for each
mapping unit. We developed a list of major soil series within the boundaries
of each physiographic region as delineated by Flint (1955). If two contiguous physiographic regions contained the same soil series, the series was
excluded from the list, or was listed as part of a soil association. Soil series
and associations used to delineate a physiographic region did not occur in
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Figure 1. Soil mapping units in the STATSGO GIS map layer.

two contiguous regions. Where the regional affiliation of a soil series was
questionable, on-site evaluation was used to determine the topographic
features of the site. Topography was then used to assign the series to a
physiographic region. Soils of coteau slopes were assigned to the coteaus
rather than the adjacent lowlands.
Using ARC/INFO (Environmental Systems Research Institute, Inc.
1992) software, we selected all mapping units in the STATSGO map layer
containing soil series and associations listed for a physiographic region.
Each mapping unit was assigned a value in the polygon attribute table
reflecting regional affiliation. Arcs separating mapping units with the same
regional affiliation were dissolved to create a generalized polygon coverage
defining the boundaries of physiographic regions for the state.
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Figure 2. South Dakota physiographic regions delineated using soils mapping units
in the STATSGO map layer.

Results and Discussion
Soil mapping units in the STATSGO GIS soil map layer (Fig. 1) were
used to delineate 13 physiographic regions in South Dakota (Fig. 2). Some
dominant soil series were not unique to a particular physiographic region,
but occurred in other regions with similar topography, geology, and parent
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materials (Table 1); however, they occurred in association with different
soils, or the presence of distinctive topographic landforms between similar
regions allowed independent delineation of each, e.g., the James River Lowland lies between the Prairie and Missouri coteaus.
Modern topography and soils of eastern South Dakota physiographic
regions have been influenced chiefly by preglacial topography and the extent
and manor of relatively recent glaciation. Conversely, western South Dakota
physiographic regions are mature, erosional landscapes formed by ancient
geologic processes. Brief descriptions of each physiographic region that
follow use soil terminology from USDA-NRCS Keys to Soil Taxonomy
(USDA-SCS 1992) and Malo et al. (1994).

Minnesota-Red River Lowland
The Minnesota River-Red River Lowland is a gently undulating glacial
drift prairie that lies at the base of the eastern escarpment of the Prairie
Coteau in northeast South Dakota (Fig. 2). The Des Moines lobe of Pleistocene glaciers advanced through this region into Minnesota and Iowa. The
extreme northwest corner of this region in South Dakota was the southern
limit of glacial Lake Agassiz. The Red River ofthe North drains the northern
reaches of the region, while streams in the south drain into the Minnesota
River. Principal soil series used to delineate the Minnesota River-Red River
Lowland (Table 1) belong to Udic Haploboroll, Argiaquic Argialboll, and
Udic and Aquertic Argiboroll taxonomic subgroups.

Prairie Coteau
The Prairie Coteau (Fig. 2) is a wedge-shaped highland with its
apex just north of the South Dakota-North Dakota border in Sargent County,
North Dakota. Its eastern and western escarpments are steepest in the north
and taper off to the south. Near its northern end, the plateau of the Prairie
Coteau lies 300 m above the Minnesota-Red River Lowland. The region's
topography is highly variable and was formed by a series of glacial advances
over a preglacial shale plateau (Flint 1955; Lemke et al. 1965). Each successive glacial advance was less extensive, and consequently glacial drift and
topography are older at the center of the coteau. High reliefknob-and-kettle
terrain, produced chiefly by the collapse of superglacial till from the Mankato
substage of glaciation, occurs at the north end of the coteau, and along the
eastern margin where the escarpment is steepest. Extensive areas of Carey
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MAJOR SOIL SERIES USED TO DELINEATE SOUTH DAKOTA PHYSIOGRAPHIC REGIONS
Region
Minnesota
Red-River
Lowland

Area (km 2 )

Prairie Coteau

22,471

Southeastern
Loess Hills

2,063

3,333

Soil Series'
Forman
Aastad
Barnes
Tonka
Svea
Heimdal
Doran
Egan
Buse
Sinai
Flom
Poinsett
Wentworth
Fordville
Renshaw
Kranzburg

Region
Pierre Hills

Area Ikm 2 )

Northern
Plateaus

29,952

Southern
Plateaus

16,156

55,195

Soils Series
Pierre
Sansarc
Opal
Promise
Ottumwa
Winler
Bullock
Twilight
Delridge
Regent
Rhoades
Daglum
Vebar
Morton
Reeder

Barnes

Lake Dakota
Plain

5,450

James River
Lowland

29,097

James River

210

Highlands

Missouri

Coteau

24,161

Moody
Crofton

Bearden
Great Bend
Aberdeen
Hecla
Houdek
Prosper
Dudley
Barnes
Tonka
Carthage
Svea
Bonilla
Williams
Niobell
Glenham
Egan
Ethan
Betts
Wentworth
Highmore
Eakin
Zahl
Homme
Williams
Bowbells
Tonka

Canyon
Interior

Dunday
Badland
Epping
Huggins
Kieth
Valentine
Holt

Sand Hills

5,002

Black Hills

7,847

Butche
Rockoa
Citadel
Pactola
Nevee
Mocmont
Stovho

Missouri

927

Luton
Forney
Haynie
Modale

River
Floodplain

• Soil series used to delineate physiographic regions and which occurred in two or more contiguous
regions were selected in association with other soil series. For example, the Barnes soil series was
selected as the Barnes-Kranzburg-Brookings association for the Prairie Coteau, the Forman-AastadBarnes association for the Minnesota-Red River Lowland, and the Barnes-Svea-Tonka and FormanAastad-Barnes associations for the James River Lowland.
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substage-age till occur throughout the west and central portions of the
coteau along its longest axis. The most mature topography occurs east of the
Big Sioux River in an area of relatively dissected terrain with numerous
tributary streams.
Turkey Ridge is a range of highlands in southeastern South Dakota
which Flint (1955) included in the James River Highlands physiographic
region. This site and the area to the north and east have the same glacial
history and soils as the rest of the Prairie Coteau. Based on soils, we extended the Prairie Coteau southward to include Turkey Ridge and the intervening area.
Soil series used to delineate the Prairie Coteau (Table 1) are Udic
Hap10borolls in the north, and Udic Hap1ustolls south of an east-west axis
through the center of the coteau along the southern borders of Brookings and
Kingsbury counties. Other soil series used to delineate the Prairie Coteau
belonged to Typic Ca1ciboroll, Typic Endoaquoll, and Udertic Hap10boroll
taxonomic subgroups.

Southeastern Loess Hills
Two areas of highly dissected loess highlands occur in southeastern
South Dakota (Fig. 2). Flint (1955) included the southernmost highland in
the Southern Plateaus region, and did not delineate the northern highland.
The distinctive topography, origin, and soils of these two areas relative to the
Prairie Coteau, and their distance from the Southern Plateaus, indicates that
they should be delineated jointly as an independent physiographic region.
Both areas are defined by Udic Haplustoll (Moody) and Typic Ustorthent
(Crofton) fine-silty soils (Table 1).

Lake Dakota Plain
The Lake Dakota Plain (Fig. 2) is an area of silty lake deposits which
straddles the North Dakota border, and which formed when glacial Lake
Dakota was inundated during the most recent glacial retreat. The region's flat
topography is distinct from the rolling morainal topography of the James
River Lowland which surrounds it. The Lake Dakota Plain is defined almost
entirely by the distribution ofAeric Calciaquoll (Bearden), Aquic Hap10boroll
(Hecla), Udic Hap10boroll (Great Bend), and Udic Natriboroll (Aberdeen)
soils (Table 1).
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James River Lowland
The James River Lowland extends from north to south through
eastern South Dakota, and terminates at the Missouri River (Fig. 2). The
region is bordered on east by the Prairie Coteau, and on the west by the
Missouri Coteau. The James lobe of Pleistocene glaciers advanced and
retreated through the region, and topography is gently undulating ground
moraine with scattered patches of collapsed drift.
The preglacial Great Ree Valley (Flint 1955) is a westward bulge of the
James River Lowland in Hand, Hyde, and eastern Sully counties. As glaciers
advanced into the valley they accumulated little superglacial till, which left
little evidence of steep knob-and-kettle terrain typical of stagnation or deadice moraine which occurs along the eastern border of the Missouri Coteau.
Flint (1955) denoted the boundary of the James River Lowland and Missouri
Coteau in the vicinity of the Great Ree Valley with a dotted line suggesting
uncertainty about where the actual boundary lay.
The James River Lowland is marked by soil series (Table 1) which
belong to Udic Haploboroll, Typic Argiboroll, and Glossic Natriboroll subgroups in the north. From the southern tip of the Lake Dakota Plain southward, Typic Argiustoll, Typic Haplustoll, Pachic Haplustoll, PachicArgiustoll,
and Typic Natrustoll subgroups dominate.

James River Highlands
The Yankton and James ridges jointly form the James River Highlands
at the southern end ofthe James River Lowland (Fig. 2). Like the Prairie and
Missouri coteaus, they are comprised oftill, overlying bedrock plateaus. The
region is much less extensive than indicated by Flint (1955). Flint (1955)
included Turkey Ridge in the James River Highlands; however, we included
that area in the Prairie Coteau because soils and geology are contiguous with
the coteau. Soils used to delineate the James River Highlands (Table 1) are
Typic Calciustolls, Typic Ustorthents, and Udic Haplustolls (Table 1).

Missouri Coteau
The Missouri Coteau (Fig. 2) flanks the left bank of the Missouri River
from southern South Dakota to northwestern North Dakota. This region
marks the southern- and western-most advance of Pleistocene glaciation.
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Topography of the Missouri Coteau in South Dakota was formed as successive glacial advances encroached over the eastern margin of a preglacial
plateau. As with the Prairie Coteau, each successive advance was less extensive and progressively older deposits of glacial till are found westward.
Mankato substage till and dead-ice moraine cover the eastern portion of the
coteau along most of its length.
The western portion of the Missouri Coteau gradually slopes downward toward the west until Cretaceous Pierre Shale is exposed and become
the dominant soil parent material. The Pierre Hills physiographic region
begins where shales replace glacial till as parent material. Much of the
western half of the coteau is dissected by streams flowing into the Missouri
River.
Soils used to delineate the Missouri Coteau (Table 1) are primarily
Typic Argiborolls in the north. Typic Argiustolls, Typic Haplustolls, and
Typic Calciborolls occur throughout the Missouri Coteau.

Missouri River Floodplain
Flint (1955) delineated an area on both sides of the Missouri River
along its entire length in South Dakota as the Missouri River Trench. Today,
the floodplain bordering the river is inundated behind four dams. Exposures
of Pierre Shales and clay soils bordering reservoirs are properly part of the
Pierre Hills (Fig. 2). However, extensive floodplain deposits remain in southeastern South Dakota below the Gavins Point Dam. We have defined this
area as the Missouri River Floodplain physiographic region (Fig. 2). The
floodplain is composed chiefly of soil series with deep, silty profiles
(Table 1) within Mollie Udifluvent, Vertic and Aerie Fluvaquent, and Vertic
Endoaquoll subgroups.

Pierre Hills
The Pierre Hills physiographic region is an erosional landscape of
rounded hills and ridges which occurs throughout western South Dakota
(Fig. 2). Soils of the Pierre Hills are primarily clays derived from Cretaceous
Pierre Shale (Table 1). Typic Ustorthent, Vertic Haplustoll, and Udic
Chromusterts soils predominate in the eastern portion of the region, while
soil of the drier, western portion of the Pierre Hills physiographic region are
principally Aridic Haplusterts and Typic Torrerts.
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Northern Plateaus
The Northern Plateaus region is an area of numerous plateaus and
isolated buttes composed of Fox Hills sandstone and younger Cretaceous
deposits in northwestern South Dakota (Fig. 2). Soils used to delineate the
region (Table 1) are principally loams, silty loams, and fine, sandy loams in
the Typic Haploboroll, Typic Argiboroll, Vertic and Leptic Natriboroll,
Borollic Natrargid, Ustic Torriorthent, and Aridic Ustochrept subgroups,
which are distinct from the clay soils ofthe Pierre Hills to the south and east.

Southern Plateaus
The Southern Plateaus are highlands of benches and buttes that are
underlain chiefly by Tertiary sandstones and mudstones (Fig. 2). Soils used
to delineate the Southern Plateaus (Table I) are loams and silt loams that
contrast with the clay soils of the Pierre Hills to the north, reflecting their
differing parent materials. Southern Plateaus soils consist principally of
Ustic Torriorthents in the south and Aridic Argiustolls and Entic Haplustolls
in the north.

Sand Hills
The Sand Hills physiographic region lies within the Southern Plateaus
along the State's southern border (Fig. 2). This region is a northward extension of the more extensive Nebraska Sand Hills. Topography is sparsely
vegetated dunes of eolian sands. Soils are mainly Typic Ustipsamments
(Valentine) sands with inclusions and regional outliers of Typic Argiustoll
(Holt) sandy loams (Table 1).

Black Hills
The Black Hills (Fig. 2) have the only extensive area ofAlfisol soils in
South Dakota. The geologic origin of the Black Hills, an igneous intrusion
into overlying sedimentary rocks, produced concentric soil distributions.
Soils are generally rocky, and poorly developed. Outermost soils in the
concentric pattern are Ustic Torriorthent stony loams on terraces (the Red
Beds and Outer Hogback). Within these soils lies a ring of Typic Eutroboralfs.
At the core of the hills is an area of Typic and Glossic Eutroboralfs, Typic
Cryoboralfs, and Precambrian rock.
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Conclusions
South Dakota physiographic region delineations described here are
more detailed than earlier delineations, and differ in important respects from
those of Flint (1955), which remain in use. These differences include:
(1) Southward extension of the Prairie Coteau;
(2) Westward extension of the James River Lowland through the
preglacial Great Ree Valley;
(3) Delineation of the Southeastern Loess Hills;
(4) Reduction of the extent of the James River Highlands;
(5) Reduction ofthe extent ofthe Missouri River Trench to extreme
southeastern South Dakota as the Missouri River Floodplain.
Physiographic regions delineated in this paper are based on surveyed
soil mapping units. Soils are useful for mapping natural regions because they
remain relatively unchanged for years after natural plant communities have
been modified or extirpated. Detailed maps of natural landscape features,
such as soils, that reflect geology, topography, and climate may be used to
produce refined maps of regional geomorphology. Our physiographic region
delineations should provide effective strata for partitioning South Dakota
into natural resource or land use research or management units. A limited
number of copies of our map are available from the Department of Wildlife
and Fisheries Sciences, South Dakota State University.

Acknowledgments
We thank D. Malo for constructive comments on delineating physiographic regions and on this manuscript. We gratefully acknowledge criticism of this manuscript provided by D. Naugle, J. Jenks, M. Brown, and an
anonymous reviewer. Funding was provided by the South Dakota Department of Game, Fish and Parks (Federal Aid in Wildlife Restoration Project
No. W-114-R) through the South Dakota Cooperative Fish and Wildlife
Research Unit in cooperation with the National Biological Service, South
Dakota Department of Game, Fish and Parks, South Dakota State University,
and the Wildlife Management Institute.

South Dakota Physiographic Regions

321

References
Baumberger, R. 1977. South Dakota Rangeland Resources. Denver, CO:
Society for Range Management.
Bray, E. C. and M. C. Bray. 1976. Joseph N. Nicollet on the Plains and
Prairies. The Expeditions of 1838-39 with Journals, Letters, and Notes
on the Dakota Indians. St. Paul, MN: Minnesota Historical Society
Press.
Brewster, W G., 1. M. Gates, and L. D. Flake. 1976. Breeding waterfowl
populations and their distribution in South Dakota. Journal ofWildlife
Management 40:50-59.
Environmental Systems Research Institute, Inc. 1992. ARC/INFO. Command references, 2nd ed. Redlands, CA: Environmental Systems Research Institute, Inc.
Fenneman, N. M. 1938. Physiography of Western United States. New York:
McGraw Hill.
Flint, R. F. 1955. Pleistocene Geology ofEastern South Dakota. U.S. Geological Survey Professional Paper Number 262.
Johnson, D. H. and M. D. Schwartz. 1993. The Conservation Reserve Program: habitat for grassland birds. Great Plains Research 3:273-95.
Lemke, R. W, W M. Laird, M. 1. Tipton, and R. M. Lindvall. 1965.
Quarternary geology of Northern Great Plains. In The Quarternary of
the United States, ed. H. E. Wright, Jr., and G. G. Frey, 15-27. Princeton,
NJ: Princeton University Press.
Malo, D. D., M. Thoraval, and M. Filholm. 1994. Soil Classification Key
for South Dakota Soils. South Dakota State University, Plant Science
Department and South Dakota Agricultural Experiment Station
TB 96.
McPhillips, K. B., L. D. Flake, W A. Wentz, and R. L. Linder. 1983. Dugouts
in eastern South Dakota: Their location in relation to basin wetlands
and streams. Journal of Soil and Water Conservation 38:434-36.
Rickerl, D. 1995. Personal communication, South Dakota State University,
Department of Plant Science.
Rothrock, E. P. 1943. A Geology ofSouth Dakota. Part 1. The Surface. South
Dakota State Geological Survey Bulletin Number 13.
Ruwaldt, 1. 1., Jr., L. D. Flake, and 1. M. Gates. 1979. Waterfowl use of manmade wetlands in South Dakota. Journal of Wildlife Management
43:375-83.

322

Great Plains Research Vol. 5 No.2, 1995

Scott, 1. M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Groves, H.
Anderson, S. Caicco, F. D'Erchia, T. C. Edwards, Jr., 1. Ulliman, and G.
Wright. 1993. Gap Analysis: A geographic approach to protection of
biological diversity. Wildlife Monographs Number 123.
Smith, B. 1., H. W. Browers, T. E. Dahl, D. E. Nomsen, and K. F. Higgins.
1989. Indirect wetland drainage in association with federal highway
projects in the prairie pothole region. Wetlands 9:27-39.
U.S. Department of Agriculture, Soil Conservation Service (USDA-SCS).
1992. Keys to Soil Taxonomy, Sixth Edition 1994. Soil Survey Staff.
SMSS Technical Monograph Number 19.
U.S. Department of Agriculture, Soil Conservation Service (USDA-SCS).
1993. STATSGO data users guide. Miscellaneous Publication Number
1492.
Weber, M. 1., P. A. Vohs, Jr., and L. D. Flake. 1982. Use of prairie wetlands
by selected bird species in South Dakota. Wilson Bulletin 94:550-554.
Westin, F. C., L. F. Puhr, and G. 1. Buntley. 1967. Soils of South Dakota.
South Dakota State University, Agricultural Experiment Station Soil
Survey Series Number 3.

